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Accepted 9 December 2013Postpartum hemorrhage (PPH) is an obstetric emergency that
can result in hypovolemic shock, and is a major cause of maternal
morbidity and mortality. Cardiogenic shock after PPH is multifac-
torial and can have many causes such as peripartum cardiomyop-
athy, acute myocardial infarction, and amniotic ﬂuid embolism.
Stress-induced cardiomyopathy, also known as takotsubo cardio-
myopathy, is a rare syndrome characterized by apical ballooning of
the left ventricle and its typical presentationmimics acute coronary
syndrome [1,2].
In this paper, we present a rare case of takotsubo cardiomyop-
athy due to severe PPH in a young woman in whom cardiogenic
shock was successfully managed using extracorporeal membrane
oxygenation (ECMO) and a left ventricular assist device (LVAD).
A 33-year-old previously healthy woman, gravida 1 para 1, was
transferred to our hospital because of developing PPH within 2
hours after a normal spontaneous vaginal delivery. No evidence of
maternal viral infection was noted during the antepartum period.
Her blood pressure and plasma glucose levels were also normal.
The delivery course was initially smooth. The infant's birth weight
was 3200 g and body length was 51 cm. The Apgar score was 9/9.
However, after 2 hours, uterine atony was noted. The estimated
blood loss at the time was 3000 mL. She had no risk factors for PPH
such as a prolonged labor course, poor obstetrical history, or he-
matological disorder. Her hemoglobin (Hb) level before delivery
was 12 g/dL.
On arriving at the emergency department, she was tachycardic
(her heart rate was 140 bpm); her blood pressure was 60/32 mmHg
and her hemoglobin was 4 mg/dL. She also had a loss of con-
sciousness. Uterine atony persisted, despite continuous oxytocin
infusion. Intravenous ergonovine and prostaglandin were* Corresponding author. Department of Obstetrics, and Gynecology, National
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received 12 units of packed red blood cells, 6 units of fresh frozen
plasma, and 48 units of platelets. Recombinant factor VIIa was
administered for possible disseminated intravascular coagulopathy.
Her blood pressure remained low, despite the administration of
inotropic agents. Because the bleeding could not be stopped, an
emergency subtotal hysterectomy was performed. During surgery,
the patient suddenly developed cardiac decompensation with
bradycardia and pulseless electronic activity. At this time, her Hb
was 10 g/dL. External cardiac massage was performed and bolus
doses of epinephrine were administered. Transesophageal echo-
cardiography showed dilatation of the left ventricle (LV) with apical
ballooning, regional wall motion abnormality, and a left ventricular
ejection fraction (LVEF) of <35% (Fig. 1A). Because advanced life
support failed to restore circulation, the decision was made to use
ECMO. Peripheral femoral venousearterial cannulation was placed
with a ﬂow rate of 2.4 L/min. The patient was then transferred to
the intensive care unit on a ventilator. Blood analysis revealed
elevated levels of cardiac enzymes (e.g., creatinine kinase, 482 U/L;
creatinine-MB, 98 U/L; and troponin-I, 2.24 ng/mL) and electro-
cardiography revealed ST-segment elevation.
Despite ECMO and ventilator support, her hemodynamic status
failed to improve. Frequent ventricular tachycardia was unrespon-
sive to cardioversion and she became oliguric. A LVAD was placed
18 hours after surgery because she remained unstable, despite
ECMO andmedical therapy. Amyocardial biopsy was performed for
diagnosis, which showed only edema without any evidence of
myocarditis or infarction (Fig. 2).
Her hemodynamic status stabilized and inotropic agents were
gradually tapered, and her urine output increased. On post-
operative day (POD) 5, echocardiography revealed a LVEF of 55%.
She was weaned from the LVAD on POD 7, and then weaned from
mechanical ventilation on POD 15. On POD 17 her LVEF had
increased to 67% and the size of her LV was normal (Fig. 1B). One
month after surgery, shewas dischargedwithout any complications
and has remained asymptomatic. Studies performed 1 year after
surgery showed normal cardiac function.
Postpartum cardiomyopathy is a rare condition. The differential
diagnosis includes peripartum cardiomyopathy, idiopathic dilated
cardiomyopathy, virus-induced cardiomyopathy, and stress-induced
cardiomyopathy. Of these, the most common diagnosis isby Elsevier Taiwan LLC. All rights reserved.
Fig. 1. (A) Transesophageal echocardiography image during surgery reveals left ventricular dilatation, apical ballooning, and poor contractility. (B) Transthoracic echocardiography
image on postoperative day 17 shows normal size and morphology of the left ventricle.
Fig. 2. Cardiac biopsy shows interstitial myocardial edema with focal disarray of myoﬁbrils. The images show the tissue sample at (A) magniﬁcation 100; (B) magniﬁcation 200
(hematoxylin and eosin).
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cause of this disease remains unclear and multifunctional, and the
diagnosis is based on clinical criteria.Heart failure occurred in the late
third trimester. There was an absence of heart disease before preg-
nancy. In the present case, the patient developed heart failure after
delivery, and there were no signs of infection or recognized cardiac
disease. Stress-induced cardiomyopathy should accordingly be
considered. Stress-induced cardiomyopathy, also called “apical
ballooning syndrome” or “takotsubo cardiomyopathy”, was ﬁrst
described in Japan in 1990 by Sato et al [3]. It is characterized by
transient systolic dysfunction that mimics acute coronary syndrome
(ACS). Most patients present with resting chest pain or dyspnea, ST-
segment elevation on electrocardiography, and elevated levels of
cardiac enzymes. Most patients are hemodynamically stable, but
congestive heart failure, hypotension, or cardiogenic shock can occur
[1,2].However, cardiac angiography reveals left ventricularballooning
and no signiﬁcant coronary artery stenosis [1,2]. The Japanese word
“takotsubo” translates to “octopus pot,” which describes the shape of
the LV during systole in imaging studies [3]. Stress-induced cardio-
myopathy is typically preceded by a signiﬁcant emotional or physical
stressor such as the death of a loved one or a motor vehicle collision
[4].
The incidence of stress-induced cardiomyopathy remains un-
known, but studies have reported that approximately 2% of patients
with suspected ACS were subsequently diagnosed with stress-
induced cardiomyopathy [5]. The mean age at diagnosis is report-
edly 67 years; however, there are reported cases in children [6], and
approximately 90% of reported cases are postmenopausal women
[4]. Treatment is supportive, although a full cardiac diagnostic work
up and intensive care unit admission are warranted because the
conditionmimics ACS [2]. Signiﬁcant cardiac dysfunction can occur,
although 95% of patients experience complete recovery within 4e8
weeks [2,4].The modiﬁed Mayo Clinic criteria for the diagnosis of apical
ballooning syndrome are the following: (1) transient hypokinesis,
dyskinesis, or akinesis of the left ventricular midsegments with or
without apical involvement; regional wall motion abnormalities
extending beyond a single epicardial vascular distribution; and a
stressful trigger, which is often, but not always, present; (2) the
absence of obstructive coronary disease or angiographic evidence
of acute plaque rupture; (3) new electrocardiographic abnormal-
ities (either ST-segment elevation and/or T-wave inversion) or
modest elevation in the cardiac troponin level; and (4) the absence
of pheochromocytoma or myocarditis [1].
In the present case, new onset ST-segment elevation was pre-
sent and transient hypokinesis of the LV recovered after a few days.
The patient had no trauma or relevant medical history. Angiog-
raphy was not performed; however, a myocardial biopsy revealed
no evidence of coronary artery disease. Therefore, her clinical
course was consistent with the Mayo Clinic criteria for diagnosis.
The pathophysiology of stress-induced cardiomyopathy is not
well established. Several possible mechanisms have been proposed
such as epicardial coronary arterial spasm, microvascular spasm,
increased sympathetic tone from mental stress, impaired cardiac
microvascular function, impairedmyocardial fatty acidmetabolism,
and catecholamine-induced myocardial stunning [7]. Endomyo-
cardial biopsy demonstrates reversible focal myocytolysis, mono-
nuclear inﬁltrates, and contraction band necrosis [7]. In two
previously reported PPH cases [8,9], intravenous ergonovine was a
precipitating factor of stress-induced cardiomyopathy because of
arterial spasm. Stress-induced cardiomyopathy after a massive
transfusion is presumably related to histamine; the adrenergic
system has also been implicated [10].
Heart failure in stress-induced cardiomyopathy generally re-
solves spontaneously without any treatment; however, hemody-
namic collapse has been reported [2]. In this situation, mechanical
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useful. In a previously reported case [11], a young woman experi-
enced acute heart failure and pulmonary edema because of stress-
induced cardiomyopathy after a caesarean delivery. ECMO was
applied immediately because of uncompensated cardiac collapse.
Her hemodynamic parameters soon stabilized, and she had an
uneventful and full recovery of cardiac function. In our patient,
refractory cardiac failure after ECMO necessitated the placement of
a LVAD for cardiac support. There are reports of using a LVAD as a
bridge to transplantation or bridge to recovery in patients with
peripartum cardiomyopathywho can not beweaned from inotropic
agents or ECMO [12]. It is also used for hemodynamic support in
postpartum women experiencing acute myocardial infarction after
receiving an emergency coronary artery bypass [13].
In summary, stress-induced cardiomyopathy should be consid-
ered in the differential diagnosis of cardiogenic shock after PPH. The
clinical course is relatively benign, although refractory cardiogenic
shock can occur. In this situation, ECMO and/or a LVAD should be
considered for cardiac support.
Conﬂicts of interest
The authors have no conﬂicts of interest relevant to this article.
References
[1] Prasad A. Apical ballooning syndrome: an important differential diagnosis of
acute myocardial infarction. Circulation 2007;115:e56e9.
[2] Donohue D, Movahed MR. Clinical characteristics, demographics and prog-
nosis of transient left ventricular apical ballooning syndrome. Heart Fail Rev
2005;10:311e6.[3] Sato H, Tateishi H, Uchida T. Takotsubo-type cardiomyopathy due to multi-
vessel spasm. In: Kodama K, Haze K, Hon M, editors. Clinical aspect of
myocardial injury: from ischaemia to heart failure. Tokyo: Kagakuhyouronsya;
1990. p. 56e64.
[4] Gianni M, Dentali F, Grandi AM, Sumner G, Hiralal R, Lonn E. Apical ballooning
syndrome or takotsubo cardiomyopathy: a systematic review. Eur Heart J
2006;27:1523e9.
[5] Bybee KA, Prasad A, Barsness GW, Lerman A, Jaffe AS, Murphy JG, et al. Clinical
characteristics and thrombolysis in myocardial infarction frame counts in
women with transient left ventricular apical ballooning syndrome. Am J
Cardiol 2004;94:343e6.
[6] Buchholz S, Rudan G. Takotsubo syndrome on the rise: a review of the current
literature. Postgrad Med J 2007;83:261e4.
[7] Lindsay J, Paixao A, Chao T, Pichard AD. Pathogenesis of the Takotsubo syn-
drome: a unifying hypothesis. Am J Cardiol 2010;106:1360e3.
[8] Citro R, Pascotto M, Provenza G, Gregorio G, Bossone E. Transient left ven-
tricular ballooning (Takotsubo cardiomyopathy) soon after intravenous
ergonovine injection following caesarean delivery. Int J Cardiol 2010;138:
e31e4.
[9] Keskin A, Winkler R, Mark B, Kilkowski A, Bauer T, Koeth O, et al. Takotsubo
cardiomyopathy after administration of ergometrine following elective
caesarean delivery: a case report. J Med Case Rep 2010;4:280.
[10] Zhou J, Choe E, Ang L, Schnittger I, Rockson S, Tremmel J, et al. Stress-induced
cardiomyopathy associated with a transfusion reaction: a case of potential
crosstalk between the histaminic and adrenergic systems. Exp Clin Cardiol
2011;16:30e2.
[11] Jo YY, Park S, Choi YS. Extracorporeal membrane oxygenation in a patient
with stress-induced cardiomyopathy after caesarean section. Anaesth Inten-
sive Care 2011;39:954e7.
[12] Gevaert S, Van Belleghem Y, Bouchez S, Herck I, De Somer F, De Block Y, et al.
Acute and critically ill peripartum cardiomyopathy and “bridge to” thera-
peutic options: a single center experience with intra-aortic balloon pump,
extra corporeal membrane oxygenation and continuous-ﬂow left ventricular
assist devices. Crit Care 2011;15:R93.
[13] Samuels LE, Kaufman MS, Morris RJ, Brockman SK. Postpartum coronary ar-
tery dissection: emergency coronary artery bypass with ventricular assist
device support. Coron Artery Dis 1998;9:457e60.
